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SOLID PHASE SCAFFOLD BASED LIBRARIES

Stefano Mencgatti, Ruben G. Carbonell, and Amith D). Naik

Backeronnd of the Invention

Classic solid-phase peptide libraries, while being a valuable tool for discovery of
therapeutic agents and affinity binding ligands, suffer from one main Hmitation, that is, the
difficulty and the high cost associated with the introduction of functional groups other than
those carried by natural amino acids. In other words, exploring the chemical space outside
that defined by the 20 natural amino acids is challenging under both technical and economic
aspects. Chemical diversity, or chemical space, designates the range of functional groups and
backbone properties comprised in the {ibrary. Besides natural amino acid residues, in fact,
synthetic Iibraries can incorporate sugars, Hipids, sucleobases, and non natural functionalities,
The presence of these groups on the peptide backbone plays a crucial role in determining the
biophysical and biochemical properties of the resulting molecule. In glycopeptides, for
example, the introduction of sugar moleties on a peptide backbone determines the
immunogenicity, pharmacokinetics, bioactivity and stability of the ligand. Lipoglycopeptides
that display, besides amino acid functional groups, both sugar and fats frequently display
antibiotics functions, Fully synthetic functional groups and reactive moieties can be

introduced to impart other properties or allow further modifications.

Summary of the Invention

~

In order to benefit from the potential of a library with the widest possible chemical
diversity and, at the same time, reduce the cost and the synthetic effort inherent to building
such massive collection of compounds, we propose a method for the synthesis of a solid-
phase combingtorial library of compounds functionalized with natoral and non natural groups
displayed on a peptide scalfold, along with compounds useful for carrying out such methods.

Thus a first aspect of the present invention is a method of making a peptide of

Formula It
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wherein:
R 15 a solid support;
cach R’ is an independently selected functional group;
R 1s a functional group;
each X is a linking group;
cachnis @, lor2;
each n” i3 0 or an integer of 1, 2, 3,4 or 5; and
n”is aninteger of from 1, 2, 3or 4 to 18 or 20;
said method comprising the steps of:

{a) removing at least one protecting group from a compound of Formula I

where R, R”, n, " and n” are as given above and each Y is an independently selected
protecting group to prodace a deprotected Intermediate; then

(b} reacting said deprotected intermediate with compound of Formula II1:

R-Y" (1)
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where R’ is a functional group as given above and Y’ is a reactive or functional group, to
replace said at least one protecting group Y removed in step (a) with said functional group
R’; and then

{¢) iteratively repeating steps (a) and (b) at least once (e.g., one, two, three or four
times, up to eighteen or twenty times) until all of said protecting groups Y are replaced with
said functional groups R,

The present invention is explained in greater detail in the drawings herein and the

specification below,

Petailed Deseription of the Preferred Embodiments

The present imvention is explained in greater defall below. This description is not
intended to be a detailed catalog of all the different ways in which the invention may be
implemented, or all the features that may be added to the instant invention. For example,
features llustrated with respect to one embodiment may be incorporated inte other
embodiments, and features llustrated with respect to a particular embodiment may be deleted
from that embodiment. In addition, numerous variations and additions to the various
embodiments suggested herein will be apparent to those skilled in the art in light of the
nstant disclosure which do not depart from the instant invention. Hence, the following
specification is intended to illustrate some particular embodiments of the invention, and not
to exhaustively specify all permutations, combinations and variations thereof,

The disclosures of all United States patents cited herein are to be incorporated herein

by reference in their entirety.

A, Definitions.

*Peptides” of the invention, including both lnear and cyclic, and combinations
thereof, are compounds that contain at lcast one peptide bond. In general, such peptides
comprise a polypeptide of 2, 3, 4 or § amino acids, up to 10, 12, 15 or 20 amino acids.

Amino acids used to carry out the present invention may be in D form, L form, or a
combination thereof. (The single letter code for the standard amino acids is A (Ala), C (Cys),
D (Asp), E (Glu), F (Phe), G (Gly), H (His), I (fle), K (Lys), L (Lew), M (Met), N (Asn), P
(Pro), Q (Gln), R (Arg), S (Ser), T (Thr), V (Val}, W (Trp), and Y (Tyr)). Both natural and

non-natural amino acids may be employed.



WO 2014/093196 PCT/US2013/073805

"Solid support” as used herein refers to an inert material or molecule to which a
peptide ligand may be bound or coupled, either directly or indirectly through a linking group.
The solid phase support is suitable for use in column chromatography or other types of
purification. Selid supports include inorganic materials, organic materials, and combinations
thercof. Examples of suitable solid support materials include membranes, semi-permeable
membranes, capillaries, microarrays, multiple-well plates comprised of alumina, aluming
supported polymers, polysaccharides including agarose, dextran, ceflulose, chitosan, and
polyacrylamide, polyacrylate, polystyrene, polyvinyl alcobol, glass, silics, silicon, zirconia,
magnetite, semiconductors and combinations thereof. The solid support material may be in
the form of beads, which are generally spherical. Alternatively, the support may be
particulate or divided form having other regular or frregular shapes or it may be in the form
of an integrated material such as a sheet, or a surface of a plate, tube, or well. Preferred solid
support materials are those having minimal non-specific binding properties and that are
physically and chemically resistant to the conditions used in peptide synthesis and coupling,
such as organic solvents and acids, and in the purification process emploved in this invention,
such as changes in pH and ionic strength.

“Functional group” as used herein may be any suitable group or substituent, including
but not limited to H, alkyl, alkenyl, alkynyl, cycloalkyl, cycloatkylalkyl, cycloalkylalkenyl,
cycloalkylatkynyl, heterocyclo, heterocycloalkyl, heterocycloalkenyl, heterocycloalkynyl,
aryl, arylalkyl, arylalkenyl, arylalkynyl, heteroaryl, heteroarylalkyl, heteroarylalkenyl,
heteroarylalkynyl, alkoxy, halo, mercapto, azido, cyano, formyl, carboxylic acid, hydroxyl,
nitro, acyl, aryloxy, alkylthio, amino, alkylamine, arvialkylamino, substituted amino,
acylamino, acyloxy, ester, thivester, carboxylic thioester, cther, amide, amidino, sulfate,
saifoxyl, sulfonyl, sulfonyl, sulfonic acid, sulfonamide, wrea, alkoxylacylamino,
aminoacyloxy, guanidine, aldehyde, keto, imine, nitrile, phosphate, thiol, epoxide, peroxide,
thiocyanate, amidine, oxime, nitrile, diazo, etc., these terms including combinations of these
groups {e.g. alkylated groups) as discussed further below.

“Alkyi" as used herein alone or as part of another group, refers to a straight or
branched chain hydrocarbon containing from 1 to 10 or 20 carbon atoms. Representaiive
examples of alkyl include, but are not limited to, methyl, ethyl, n~propyl, iso-propyl, n-butyl,
sec-butyl, iso-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 3-methythexyi, 2.2-
dimethylpentyl, 2,3-dimethylpentyl, n-heptyl, n-octyl, n-nonyl, n-decyl, and the like, "Lower

alkyl” as used herein, is a subset of alkyl, in some embodiments preferred, and refers to a
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straight or branched chain hydrocarbon group containing from 1 to 4 carbon atoms.
Representative examples of lower alkyl include, but are not limited to, methyl, ethyl, -
propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, and the like. The term "akyi" or "loweralkyl”
is intended to include both substituted and unsubstituted alkyl or loweralleyl unless otherwise
indicaied and these groups may be substituted with groups selected from halo (e.g,
haloalkyl), alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylatkyl, aryl, arylaliyl,
hetevrocyclo, heterocyeloalkyl, hydroxyl, alkoxy (thereby creating a polyalkoxy such as
polyethylene glyeol), alkenyloxy, alkynyloxy, haloalkoxy, cycloatkoxy, cycloalkylalkyloxy,
aryloxy. arylalkyloxy, heterocyclooxy, heterocyelolalkyloxy, mercapto,  alkyl-S{O)y,
haloalkyl-S(O)w, alkenyl-S(O}m. alkynyl-S(Q)y, cycloalkyl-S(O)y, cycloalkylalkyl-8(0)m,
aryb-8(O, arylalkyl-S(O)y, heterocyelo-S(0Q), heterocycloalkyl-S(O)y, amine, carboxy,
atkviamino, alkenylamino, alkynylamino, haloalkylaming, cyvcloalkylamine,
cycloalkylalkylamino, arylamino, arylalkylamino, heterocycloamine, heterocycloalkylamino,
disubstituted-amino, acylamino, acyloxy, ester, amide, sulfonamide, urea, atkoxyacylaming,
aminoacyloxy, nitro or cvano where me= 0, 1, 2 or 3.

"Alkenyl" as used herein alone or as part of another group, refers to a straight or
branched chain hydrocarbon containing from 1 to 10 carbon atoms (or in loweratkenyl 1 to 4
carbon atoms) which include 1 to 4 donble bonds in the normal chain,  Representative
examples of alkeny! include, but are not limited to, vinyl, 2~-propenyl, 3-butenyt, 2-butenyi, 4-
pentenyl, 3-pentenyl, 2-hexenyl, 3-hexenyl, 2,4-heptadiene, and the lke. The term "alkeny!”
or "loweralkenyl” is intended to include both substituted and unsubstituted alkenyl or
loweralkenyl unless otherwise indicated and these groups may be substituted with groups as
described in connection with alkyl and loweralkyl above,

"Alkynyl” as used herein alone or as part of another group, refers to a straight or
branched chain hydrocarbon containing from 1 to 10 carbon atoms (or in loweratkynyl 1 to 4
carbon atoms) which include 1 triple bond in the normal chain. Representative examples of
alkynyl inciude, but are not limited to, 2-propynyl, 3-butynyl, 2- butynyl, 4-pentynyi, 3-
pentynyl, and the like. The term "alkynyl" or “loweralkyny!” is intended to include both
substituted and unsubstituted alkynyl or loweralknynyl unless otherwise indicated, and these
groups may be substituted with the same groups as set forth in connection with alkyl and
ioweralkyl above,

"Cycloalkyl” as used herein alone or as part of another group, refers to a saturated or

partially unsaturated cyclic hydrocarbon group containing from 3, 4 or 5 to 6, 7 or § carhons
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{(which carbons may be replaced in a heterocyclic group as discussed below). Representative
exampies  of cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, and cyclooctyl. These rings may be optionally substituted with additional
substituents as described herein such as halo or loweralkyl. These rings include those that
form chelates with metals or are chelated with metals. The term “cycloalkyl” is generic and
intended to include heterocyclic groups as discussed below unless specified otherwise.
"Heteroeyelic group” or “heterocyelo™ as used herein alone or as part of another
group, refers to an aliphatic {e.g., fully or partially saturated heterocycla) or aromatic {e.g.,
heleroaryl} monocyclic- or a polycyclic-ring system, including those forming chelates with
metals. Monocyclic ring systems are exeraplified by any 3 or 6 membered ring containing 1,
2, 3, or 4 heteroatoms independently selected from oxygen, niftrogen and sulfur. The 5
membered ring has from (-2 double bonds and the 6 membered ring has from 0-3 double
bonds. Representative examples of monocyclic ring systems include, but are not limited to,
azetidine, azepine, aziridine, diazepine, 1,3-dioxolane, dioxane, dithiane, furan, imidazole,
imidazoline, imidazolidine, isothiazole, isothiazoline, isothiazolidine, isoxazole, isoxazoline,
isoxazolidine, morpholine, oxadiazole, oxadiazoline, oxadiazolidine, oxazole, oxazoline,
oxazolidine, piperazine, piperidine, pyran, pyrazine, pyrazole, pyrazoline, pyrazolidine,
pyridine, pyrimidine, pyridazine, pyrrole, pyrroline, pyrrolidine, tetrahydrofuran,
tetrahydrothiophene, tetrazine, totrazole, thiadiazole, thiadiazoline, thiadiazolidine, thiazole,
thigzoline, thiazolidine, thiophene, thiomorpholine, thiomorpholine sulfone, thiepyran,
triazine, triazole, frithiane, and the like, Bicyclic ring systems are exemplified by any of the
above monocyclic ring systems fused to an aryl group as defined herein, a cycloatkyl group
as defined herein, or another monocyclic ring system as defined herein. Representative
examples of bicyclic ring systems include but are not imited to, for example, benzimidazole,
benzothiazole, benzothiadiazole, benzothiophene, benzoxadiazole, benzoxazole, benzofuran,
benzopyran, benzothiopyran, benzodioxine, 1,3-benzodioxole, cinnoline, indazole, indole,
indoline, indolizine, naphthyridine, isobenzofuran, isobenzothiophene, isoindole, isoindolineg,
isoquinoline, phthalazine, purine, pyranopyridine, quinoline, quinolizine, guinoxaline,
quinazoline, tetrahydroisoquinoline, tetrahydroguinoline, thiopyranopyridine, and the like.
These rings include quaternized derivatives thereof and may be optionally substituted with
additional functional groups, including but not limited {0 halo, alkyl, haloatkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heterocyelo, heterocyeloalkyl, hydroxyl,

alkoxy, alkenyloxy, alkynyloxy, haloalkoxy, cycloalkoxy, cyclealkylatkyloxy, aryioxy,
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arylalkyloxy, heterocyclooxy, heterocyclolalkyloxy, mercapto,  alkyl-S(O),, haloalkyl-
SO, alkenyl-S{OQw, alkynyh-S(O)n, cycloalkyl-8(O), cycloalkylalkyl-S(O), arvl-S{O)y,
arylalkyl-8(O)n,  heterocyclo-S8(0)w,  heterocycloalkyl-S(0)n,  amine, alkylamino,
alkenylamino, alkynylamino, haloalkylamino, ecycloalkylamino, cycloalkylalkylaminoe,
arylamino, arylalkylamino, heterocycloamine, heterocycloalkylamine, disubstituted-amino,
acylamino, acyloxy, ester, amide, snlfonamide, urea, alkoxyacylamino, aminoacyloxy, nitro
or eyaro wherem =0, 1, 2 or 3.

"Aryl" as used herein alone or as part of another group, refers to a monocyelic
carbocyclic ring system or a polyeyclic carbocyelic fused ring system having one or more
aromatic rings. Representative examples of aryl include, azulenyl, indanyl, indenyl, naphthyi,
phenyl, tetrahydronaphihyl, and the like. The term “aryl™ is imtended to include both
substituted and unsubstituted aryl unless otherwise indicated and these groups may be
substituted with the same groups as set forth in connection with alky! and loweralkyl above.

"Arylalkyl" as used herein alone or as part of another group, refers to an aryl group, as
defined herein, appended to the parent molecular moiety through an alkyl group, as defined
herein. Representative examples of arylalkyl include, but are not Hmited to, benzyl, 2-
phenylethyl, 3-phenylpropyl, 2-naphth-2~vlethyl, and the like.

"Heteroaryl” as used hevein is as described in connection with heterocyclo above.,

"Alkoxy" as used herein alone or as part of another group, refers to an slkyl or
loweralkyl group, as defined herein {(and thus including substituied versions such as
polyaikoxy), appended to the parent molecular molety through an oxy group, -O-.
Representative examples of alkoxy include, but are not limited to, methoxy, ethoxy, propoxy,
Z-propoxy, butoxy, tert-butoxy, peatyloxy, hexyloxy and the like.

"Halo" as used herein refers to any sultable halogen, including ~F, -Cl, -Br, and -1

"Mercapto™ as used herein refers to a ~SH group.

"Azido" as used herein refers to an -Nj group.

"Cyano" as used herein refers to a ~-CN group.

"Formyl" as used herein refers to a -C{OYH group.

"Carboxylic acid" as used herein refers to a ~-C{OYOH group,

“Hydroxyl” as used herein refers to an ~OH group.

"Nitro” as used herein refers to an -NQ; group.
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"Acyl” as used herein alone or as part of another group refers to a -C(O)R radical,
where R is any suitable substituent such as aryl, atkyl, alkenyl, alkvnyl, cycloalkyl or other
suitable substituent as described herein,

"Alkylthio" as used herein alone or as part of another group, refers to an alkyl group,
as defined herein, appended to the parent molecular moiety through a thio moiety, as defined
herein. Representative examples of alkylthio include, but are not limited, methyithio,
ethylthio, tert-butylthio, hexyithio, and the like.

"Amino” as used herein means the radical ~NHa.

“Alkylamino” as used herein alone or as part of another group means the radical ~
NHR, where R 1s an alkyl group.

"Arylalkylamino” as used herein alone or as part of another gronp means the radical —
NHR, where R is an arvialky! group.

"Disubstituted-amino® as used herein alone or as part of another group means the
radical -NRyRs, where R, and Ry, are independently selected from the groups atkyl, haloalkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, arylatiyl, heterocyclo, heterocyeloalkyl.

"Acylamino” as used herein alone or as part of another groop means the radical —
NR,Rp, where R, is an acyl group as defined herein and Ry 18 selected from the groups
hydrogen, alkyl, haloalkyl, alkenyl, alkyoyl, cycloalkyl, cvcloalkylatkyl, aryl, arvlalkyl,
heterocyclo, heterocycloalkyl,

"Acyloxy" as used herein alone or as part of another group means the radical ~OR,
where R is an acyl group as defined herein.

"Ester” as used herein alone or as part of another group refers to a ~C(O)OR radical,
where R is any suitable substituent such as alkyl, cycloalkyl, alkenyl, atkvayl or arvi,

"Amide" as used herein alone or as part of another group refers to a ~C(OINR.Ry
radical, where R, and Ry are any suitable substituent such as alkyl, cycloalkyl, alkenyl,
alkynyl or arylL.

"Sulfoxyl” as used herein refers to a compound of the formula —S{0O)R, where R is
any suttable substituent such as alkyl, cycloalkyl, alkenyl, allkynyl or aryl,

"Sulfonyl" as used herein refers to a compound of the formuda ~-S(OYOIR, where R is
any suitable substituent such as alleyl, cycloalkyl, alkenyl, alkynyl or arvl.

"Sulfonate” as used herein refers to a compounnd of the formula —S{OYOOR, where
R is any suitable substituent such as alkyl, cycloalkyl, alkenyl, alkynyl or aryl.

"Sulforic acid" as used herein refers to a compound of the formula ~S{OYO)YOH.
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"Sulfonamide” as used hercin alone or as part of another group refers to a -
S{O)RNR Ry radical, where Ry and Ry are any suitable substituent such as H, alkyl,
cycloalkyl, alkenvl, alkyoyvi or aryl.

"Urea" as used herein alone or as part of another group refers to an ~N{(RYC(OINR.R;,
radical, where R, Ry and R, ave any suitable substituent such as H, alkyl, cycloalkyl, alkenyl,
alkynyl or aryl.

“Alkoxyacylamine” as used herein alone or as part of another group refers to an —
N{RIC(O)OR,, radical, where Ry, Ry, are any suitable substituent such as H, alkyl, cycloalkyl,
atkenyl, alkynyl or aryl,

"Aminoacyloxy” as used herein alone or as part of another group refers to an —
OC(O)NRuRy radical, where Ry and Ry are any suitable substituent such as H, alkyi,

cyeloalkyl, alkenyl, alkvayl or aryl.

1. Compounds,
As noted above, compounds useful in the present invention are generally compounds

of Formula

YX
0O > ) o (&1}
R
\\ N % Rﬁ
#H Fe }
e ~ "
wherein:

R is a solid support;

each R’ 15 an independently selected functional group;

R” s a functional group;

eachnis 0, 1 or2;

eachn’ is 0 or an integer of 1, 2, 3, 4 or 5; and

0™ is an integer of from 1, 2, 3,4, Sor 6, up to 18 or 20,

each X 1s a linking group {e.g., secondary or terfiary amine, ester, amide); and

cach Y is an independently selected protecting group.
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In some embodiments the compound is a compound of of Formula Ia:

/
Tz
bu
-
e,
jor
A

Y

\
o
o
o () @
3
,/K N/%R“
i H

In some embodiments, at least three, four, five, or six (ap to eighteen or twenty) of

EZ

said protecting groups Y are different from one another.
Numerous suitable protecting groups are known. See, e.g., A, Isidro-Llobet, M.
Alvarez, and F. Albericio, Amino Acid-Protecting Groups, Chem. Rev, 189, 2455-2504

2009}, Non-linuting examples of protecting groups include, but are not limited to:
. J P P 2 P

Alkaline-~stable amine proteciing groups such as: 2-(2-
Nitrophenvhpropyloxyearbonyl (NPPOCH, 2-(3,4-Methylenedioxy-6-

nitrophenyDpropyloxycarbonyl  (MNPPOC), 2-(4-Biphenvhisopropoxyearbonyl  (Bpoc),
2.2,2-Trichloroethyloxycarbonyl  (Troc),  2.4-Dinitrobenzenesulfonyl  (ANBS),  2-
Chiorobenzyloxycarbonyl (Ch-Z}, 2-Nitrophenylsulfenyl {(Nps), 4-Methyiteityl (M), 9-(4-
Bromophenyl)-O-fluorenyl  (BrPhl), Allyloxycarbonyl (Alloe), Azidomethoxycarbonyl
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(Azoc),  Benzyloxycarbonyl (£),  o-Nitrobenzyloxycarbonyl  (oNZ) and  6-
Nitroveratryloxycarbonyl (NVOC), p-Nitrobenzyloxycarbonyl (pNZ), Propargyloxycarbonyl
{Poc), tert-Butyloxyvearbonyvl (Bog), Trityl (Trt), a,0-Dimethyi-3,5-
dimethoxybenzyloxycarbonyl (Ddz), and a-Azido Carboxylic Acids, ete.

Alkaline-labile  amino  protecting  groups, such as: {(1-(4.4-Dimethyi-2,6-
dioxocyclohex-1-ylidene)-3-ethyl} {Dde), {1,1-Dioxobenzolb]thiophene-2-
yhmethyloxycarbonyl (Bsmoc), (1,1-Dioxonaphthol1,2-blthiophene-2-ylimethyloxycarbonyl
{(r-Nsmoc)., 1-(4,4-Dimethyl-2,6-dioxocyclobex-1-ylidene)- 3-methylbutyl (ivDde), 2-(4-
Nitrophenylsulfonylethoxycarbony! (Nse), 2-(4-Sulfophenylsulfonyl)ethoxycarbonyl (Sps),
2,7-ID~tert-butyl-Fmoce {Fmoc*), 2~{Phenyl(methylsulfoniojethyloxycarbonyl
tetrafluoroborate (Pms), 2-Fluero-Fmoe (Fmoc(2F)), 2-Monoisooctyl-Fmoc (mio-Froe) and
2, 7-Diiscoctyl-Fmoc {dio-Fmoc), 9-Fluorenylmethoxycarbonyl {Fmaoc),
sthanesulfonylethoxycarbonyl (Esc), and Tetrachlorophthaloyl (TCP), etc.

Alkaline-stable  carboxylic acid protecting groups, such as: (2-Phenyl-2-
trimethyisiylyliethyl (PTMSE), 1,1-Dimethylallyl (Dma), 2-(TrimethylsilyDisopropy! (Tmst),
2,2,2-Trichloroethyl (Tce), 2.4-Dimethoxybenzyl (Dmb), 2-Chlorotrityl (2-C&Trt), 2-
Phenylisopropyl (2-PhiPr), 2-Phenylisopropyl (2-PhiPr), 2-Trimethylsilylethyl (TMSE), 4-
(3,6,9-Trioxadecyljoxybenzy! (TEGBz or TEGBR), 4,5-Dimethoxy-2-nitrobenzy! (Dmnb), 5-
Phenyl-3,4-cthylenedioxythenyl Derivatives (Phenyl-EDOTn), Allyl (AD, Benzyl (Bn)
Cyclohexyl (cHx), Pentaamine Cobalt(lil), Phenacyl (Pac), p-Hydroxyphenacyl (pHP), p-
Nitrobenzy! (pNB), tert-Butyl (tBu), -3-Methyipent-3-yl (Mpe)}, and f-Menthyl (Men), ete.

Alkaline-labile  carboxylic acid protecting groups: 9-Fluorenylmethyl (Fm),
Methyl (Me) and Ethyl (Ef), Carbamoylmethyl (Cam), and 4-{N-[1-(4,4-dimethyl-2,6-
dioxocyclohexvlidene)-3-methyibutyljamine)benzyl (Dmab), etc.

Additional examples include but are not limited to those set forth in US Patents
Nos. §,299,279; 8,129,561; 8,008,500; 7,713,927, and 7,521,529, the disclosures of all of
which are incorporated herein by reference.

Compounds of Formulas [, Ma and IIb are made in accordance with known
techniques or as described below, or modifications thereof that will be apparent to those

skilled inthe art.

2. Methods of use.
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As noted gbove, the present invention provides a method of making a peptide of

Formula It

R’X\
Ci’ ( )n’ D
R /
= da"
wherein:

R is a solid support;
each R’ is an independently selected functional group;
R” is a functional group;
X ig a linking group;
cachnis{, lor2;
each 1’ is 0 or an integer of from 1 1o 3; and
n” is an integer of from | to 20;
said method comprising the steps of

(a) removing at least one protecting group from a compound of Formula I

~

where R, R”, X, n, n” and n” arc as given above and each Y is an independently selected
protecting group to produce a deprotected intermediate; then

{b) reacting said deprotected intermediate with a compound of Formula 11

R-Y (ITD)
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where R7 is a functional group as given above and Y’ is a reactive or functional group, to
replace said at least one protecting group Y removed in step (&) with said functional group
R’ and then

(c} iteratively repeating steps (a) and (b) at least once (e.g., two, three or four times,
up to 20 or 22 times) until all of said protecting groups Y are replaced with said functional
groups R,

In some embodiments, at least three, four or five {up to 20 or 22) of said functional
groups R are different from one another; and at least three, four or five {up to 20 or 22) of
said protecting groups Y are different from one another.

While like protecting groups Y removed in each step {(b) can be replaced by like (that
is, the same) functional groups R’ in each immediate subsequent step (¢), they can also be
replaced by different functional groups R’ to generate a peptide Hbrary, as deseribed below).,

The step of removing or selectively removing protecting groups can be carried out in
accordance with known techniques or variations thereof that will be apparent to those skilled
in the art. See, e.g., US Patent No. 7,521,529; A. Isidro-Llobet, M. Alvarez, and ¥. Albericio,
Amine  Acid-Protecting Groups, Chem. Rev. 109, 24355-2504 (2009). Orthogonal
deprotection (that is, the selective deprotection of different protecting groups or a subset of
protecting groups during each cyclically repeated deprotection step) can be achieved in
accordance with known techniques, such as: modulating deprotection conditions (for
example, by increasing the acid content in subsequent deprotecting steps to remove
increasingly miore resistant acid-labile protecting groups, changing deprotection conditions
(e.g., from a reduced pH conditions, to hydrazine conditions for hydrazine-labile protecting
groups), ete., including combinations thereof,

The step of reacting the deprotected intermediate with a compound of Formula I can
likewise be carried out in accordance with known techniques, the specific choice of which
will depend vpon the specific linking group employed. For example, where the compound of

Formula I is a compound of Formula Ja:
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R: R\ R
),
HN
N
9 { .)n’
R
. .
N N
H I H

1

n

|
|

{where each m i3 independently 1, 2 or 3), and the compound of Fermula ¥ is a compound

of Fermula Ha;

where m’ 18 0, 1 or 2. In this embodiment, the reacting step (b) comprises a reductive
amination reaction. The conditions for reductive amination are not critical and this reaction
can be carried oul in accordance with known techniques. See, eg, US Patents Nos.
8,287,850; 7,821,006; 5,750,790; 5,387,6096; etc. In general the reaction may be carried out
in a polar organic solvent such as an alcohol {e.g., methanol, ethanol, isopropanol, ete.) with
catalyst such as a hydride catalyst, typically for atime of 1 to 2 bours or more.

In the alternative, when the compound of Formula § is a compound of Fermula Ib:
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where each m is independently 1, 2 or 3; and the compound of Fermula 11 is a compound of

Formula Iib:

Then the compound of Formula 1 can be a compound of Formula [1ib:

HO\G%/R‘ (11ib)
Vim

where m 15 as given above, and the reacting step (b) may comprise an esterification reaction.
The conditions for the esterification reaction are likewise not critical and this reaction can be
carried cut in accordance with known techniques. See, e.g., US Patent Nos, 7,943,792,
7,857,944, 7,767,769, 4,610,825; 4,457,868; ete. In some embodiments, the reaction may be
carried out by first activating the carboxyl group with a carbodiimide, cyanuric chloride,

phosphonium, aminium or uronium reagents, then reacting the activated carboxyl group with
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the compound of Formula [Ib in an organic polar solvent, such as dimethyl formamide,
dichloromethane, dimethyisulfoxide, or water, ete,
In still another embodiment, where the compound of Formula I is a compound of

Formuls fe:

where each m is independently 1, 2 or 3;
then the compound of Formula I1 is a compound of Formula IIb as described above,

but the compound of Fermula ¥I is a compound of Formula Ific:

HaN AN 1 1)

M
where m is as given above, and the reacting step (b} is carried out in like manner as an
amidation reaction.

All reacting steps can be conveniently carried out on a solid phase with washing steps
interposed as desired in accordance with known techniques, with the compounds of Formulas
I, Iz and 1b {inally released or cleaved from the solid support ®- in accordance with known
techniques depending upon the particular solid support employed.

In some embodiments, the compound of Formula I, Ifa, or T in each reacting step
comprises a plurality of 2, 3, 4 or 5 or more (up to 10, 20, or 30 or more) of different
compounds of Fornmla {11, Ila or b, each with a different R* group {and optionally but
preferably the same Y’ group), all concurrently reacted in the same siep, to facilitste the
generation of a library of compounds [, fa, or Ib. During subsequent fteratively repetitions of

steps (b) and {(c), different compounds of Formula 11, {Ha, or HIh may be used, with different
P (L, ! 3 ;
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groups Y’ from that used in previous steps (fo achieve the desired orthogonal reaction

conditions), and the same or different groups R’ from previous steps).

3. Utility.

Peptidomimetics and peptidomimetic libraries produced by the methods of the present
invention can be used in accordance with known techniques. The methods can be used to
produce a single predetermined peptide of known activity and predetermined utility, In the
case of peptide libraries, the peptide library products may be used in known techniques
including but not limited to drug discovery (that is, the discovery of active agents or
compounds from the library that specifically bind to, agonize, and/or antagonize a drug target
such as a G-protein coupled receptor, cell membrane pore or ion gate, circulating hormone,
efc.), epitope mapping, the development or identification of affinity ligands, ete.

The present invention is explained in greater detail in the following non-limiting

Examples.

EXAMPLES

This disclosure presents & method for the synthesis of solid-phase highly
structurally and chemically diverse combinatorial libraries of peptide-based compounds
functionalized with natural and non-natural moieties. The base peptide structure consisty
of a protected poly-diaminoacid, c.g. poly-DAP {(diaminopropionic acid), poly-DAB
(diaminobutyric acid), poly-DAP (poly-diaminopentanoic acid, else poly-omithine), poly-
lysine, etc., or a poly-carboxylic, e.g. poly~-aspartic or poly-glutamic acid, backbone / scaffold
with linear or cyclic structure, or a combination thereof. The functional groups appended on
such peptide scaffold can be either natural biomonomers, such as the side chain of natural
amino acids, sugars, lipids or nucleobases, or non natural moieties, In case of the polyamine
scaffold, these functional groups are provided with an aldehyde group, that is, they are in the
form of a {uoncliongl aldehyde R-COH, wherein R is one of the above listed functional
qoteties. The functional aldehyde is coupled to the w~amino group of each diaminoacid on
the peptide scaffold by reductive amination. In case of the polycarboxylic scaffold, the
{unctional groups are provided with 3 hydroxyl form, that is, they are in the form of a

functional alcohol R-OH, wherein R 1s one of the above listed functional moieties. The
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alcohol is coupled to the w@-carboxyl group of each carboxyl amino acid on the peptide
scaffold by formation of ester bond.

Both methods (with poly-diamino acid or poly-carboxyl amino acid) comprises 1 + 2n
steps, wherein 1 is the number of amino acid residues comprised in the scaffold:

L. Synthesis of a protected poly-diaming acid or poly-carboxyl amino acid scaffold, or
any analogous structure. Analogous diamine acids are 2,2-diaminoethanoic acid, 2,3~
diaminopropionic  acid, 24-dlaminobutyric acid, 2,3-diaminopeniancic acid
(ornithine}, 2,6-diaminohexanoic acid (lysine), 2,7-diamincheptanocic acid, and the
like. Analogous carboxyl amino acids are glitamic acid, aspactic acid, and the like.
‘The groups protecting each @-amino group and o-carboxy! group on the scaffold of
the poly-diamino acid and the poly-carboxyl amine acid respectively are orthogonal
to each other, that is, the conditions required to cleave each protecting group are
different from the conditions required to cleave any other protecting group.

2. Removal of the first protecting group with the appropriate cleavage conditions.

3. First reductive amination to couple the desired functional aldehyde on a deprotected
primary amino group / First esterification to couple the desired alcohol on a
deprotected carboxyl group.

4. Removal of the second protecting group and second reductive amination / second
esterification to couple the desired functional aldehyde / alcohol respectively,

S, fteration of step 4 on the remaining residues.
In the first example reported herein the protected amino acid for the synthesis of the scaffold

is 2,3-diaminopropionic acid.

NH(Pan)

N H -
@ 2. NH(Pbn} (n — times)
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P)HN (PryHN
Q /{\/ w/")'\ )\ {\N%(AC)
(P, >HN (PS)HN

Wherein Pey is the protecting group on the a-amino group of the amino acid, while Py is the
profecting group on the B-amino group, that is, the amino group on the side chain of the
amino acid. A suitable example of Pan is fluorcenylmethoxycarbonyl (Fmoc), Suitable
examples of Pgy are:

I~ Alloc: removed in minutes by 0.1 eq of palladium(0) tetrakistriphenylphosphine

with 10 eq. of phenylsilane ag scavenger in DOM.

2 —1Boc: removed in 50% TFA in DCM

3 Nde, Dde and ivDde: cleaved by 2% hydrazine in DMF

4 ~ Fmoc: removed by 20% piperidine in DMF

5 — Mnt and Mtt: removed by 1% TFA in DCM

& — Z: boron triflaoride in methanol

These groups are also mutually orthogonal.

The functional aldehyde has the general structure

0O

H)K/RE

wherein R is the desired functional group: 1) the side chain of natural and non natural amino
acid, 2) a sugar, 3} a lipid, 4) a nucleobase, 5) a synthetic species.
The synthesis proceeds as a sequence of selective deprotection steps followed by

reductive amination,

1 — Deprotection of the first amino group
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(P IHN {(PryHN
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SR K
(R X7 ™y Yy NH{A
OL B G B
£
/ 4
HN (P JHN
2 ~ First reductive atkylation
(P RN (PjHN
0 A
R X7 v T” N7 T TNHAG
\wf" i H i
’/’ O // O
HN (PHN
N
/
R1

3 - Deprotection of the second amino group and second reductive alkylation

RZ\
/ |
HN (PrjHN
0 O
N 1\/§ l '
““““ EINECLN - Nf g S NHAG
(\3 X ! \@1/ ﬁ l“ﬂ/ NH(AC)
/ ©° s
HN\ (P HN
7
Rt

4 ~ Deprotection of the third amino group and third reductive alkylation

Rz
\
/

HN\ {PmHN
\ 0 \

Y
1

Hooo i i
AN : PN *
NN LA NH(AG)
i H i
®) 0

HN

la

R3

n — Deprotection of the n-th amino group and n-th reductive atkylation
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Two examples of seaffolds: analogues of HWK and HFK (IgG-binding ligands)
H

N
\il O
<\N‘ )\/M\H

Imidazolecarboxaldehyde (side group of Histidine)

.
S

Indolecarboxaldehyde (side group of Tryptophan)

o

Benzaldehyde (side group of Phenylalanine)

Protected scaffold: Fmoe-Dap(Mit)-Dap{Aloc)-Lys{Boc)-A-Toyopear! resin
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{Aloc)HN
0 \

¢ E

A NHFmoc

P N
e } N
®§ | N H
1 O
§ (MHJHN
NH({Bog)

Deprotection conditions:
Mit: 5% TFA (+ 5% TIPS) in DCM (3 x 10min)
Boe: 50% THA in DCM (2 % 30min)
Aloc: Pd(PhaP)y + PhSiH; (2 x 5 min)

Conditions of reductive amination:
feq. of Sodium Triacetoxyborohydride

teq. of functional aldehyde

i \
C@“§\§ /UVN\(\ «_-NH(AQ)

O

HFK
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Chromatographic validation (1gG injection)
Buffer A: PBSpH 7.4
Buffer B: 0.2M Acetate pH 4.0
Buffer C: 0.85% Phosphoric acid

Time {min} Flow{mlmin}) | A% | B% | C%
0 0.08 0 o 0
10 0.2 e o0 0
15 0.4 { 160 "
25 0.3 0 0 106
35 0.4 100 0 0
S0 0 100 0 0
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SEQUENCING PROCESSES

Given a solid-phase combinatorial library of compounds of Formula Ib as described
above, it will be noted that all the functional groups in the library are covalently attached to
the backbone by ester bond. Using ester bond is crucial for the posi-screening hit
identification.

During library sereening, beads carrying ligands that bind to the targel molecule are
selected. After the screening, these ligands are to be sequenced to determine which functional
croups are present on the ligand and in which position on the scaffold each group is located.
Sequence determination is usually a rather complex and/or costly procedure for peptides and
related compounds. Edman degradation, for example, costs around § 250 per bead and it is
not amenable to the sequencing of head-to-tail cyclic peptides. Mass spectrometry, while less
expensive, is rather complex for sequencing cyclic peptides and requiresa considerable
guessowork,

The functional group being appended on the backbone via ester bond considerably
facilitates the sequencing of the selocted beads. In fact, by individually treating each bead in
alkaline conditions, all the ester bonds are rapidly hydrolized and the funciional groups are
released in solution. The functional groups present in solution can then be determined by

measuring their mass via mass spectrometry, 1t is paramount that the selected functional
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groups have different molecular weight, so that their unequivocal identification be solely
based on the measurement of their molecular weight.

A library of n-mers can be construed using m functional hvdroxvis of Formula [Ith
above. By ireating each bead in alkaline conditions, n functional hydroxyls are refeased from
the bead to the liquid phase, A single mass spectrum is sufficient te determine which groups
were appended on the peptide backbone. In order to determine the position, it is necessary to
refer 1o the initial library design as follows.

‘The group of m functional hydroxyls selected for constructing the library covers a
range of molecular weight “Low — High”. For a library of n-mers, the range of molecular
weights Low -~ High is divided into n similar intervals, each one covering a sub-range of
molecular weights equal or approximately equal to (High — Low)/n.

Each interval of molecular weight is assigned to a position on the scaffold. The
position can increase with increasing the molecular weight (ie. the functional hydroxyls
belonging to the interval with lowest mass are used o functionalize the first position, the
functional hydroxyls belonging to the next higher mass interval are used o functionalize the
second position, etc ...), or decrease with increasing the molecular weight, or be arbitrarily
assigned.

Alfier cleavage, the solution is analyzed by mass spectrometry to result fn a mass
spectrum exemplified by the following:

Intensify 5

group 4.10

group 218 | .
‘ group 3.8 grou.p 57

b
!
H

group 1.8 graup 6.21

] |

¥ N 8 ] B R, H

|
;
¥

pasigian’i pgsi:i»:;nz ;:«osifions posigimﬁ pasgi‘mm pasigiana
This mode! spectrum indicates that:
1) the functional hydroxydes belonging to the lowest mass range (group 1) were used to
functionalize position 1, and that the the 8th functional hydroxide of that group was

coupled {o the selected bead;
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2) the functional hydroxydes belonging to the next higher mass range {group 2) were
used to Nmctionalize position 2, and that the the 18th functional hydroxide of that
group was coupled to the selected bead;

3} the functional hydroxydes belonging to the next higher mass range (group 3) were
used to functionalize position 35, and that the the Sth functional hydroxide of that
group was coupled to the selected bead.

4} the functional hydroxydes belonging to the nexti hier mass range (group 4) were used
to functionalize position 6, and that the the 10th functional hydroxide of that group
was coupled to the selected bead.

5} the functional hydroxydes belonging to the next higher mass range (group 5) were
used to functionalize position 4, and that the the 7th functional hydroxide of that
group was coupled to the selected bead.

6} the functional hydroxydes belonging to the highest mass range (group 6) were used to
functionalize position 3, and that the the 21th functional hydroxide of that group was

coupled to the sciected bead.

Notably, each group of functional hydroxyis can comprise a different number of items,
which are numbered according to theilr increasing molecular weight. In the example
proposed, the 8% hvdroxyl of group 1 is almost on the right edge of the mass range {used for
position 1}. Group 6, used for position 3, has more than 21 hydroxyls, as the 21th is

approximately at the middie of the mass range explored by group 6.

The case be considered of g library of hexamers constructed using 100 functional
hydroxyls, exploring an overall range of molecular weight Low-High.

Six intervals are assigned, each of extent (High ~ Low) / 6. Fach group, i.e. each mass
interval, may contain a different number of functional hydroxyls. For example, group 1 may
have 10, group 2 may have 20, group 3 may have 7, group 4 may have 25, group 5 may have
11, and group 6 may have 27.

As in the model spectrume above, the functional hydroxyls of group 1 are used to
functionalized position 1, the functional hydroxyls of group 2 are used to functionalized
position position 2, the functional hydroxyls of group 3 are used to functionalized position

position 5, the functional hydroxyls of group 4 are used to functionalized position position 6,
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the functional hydroxyls of group § are used to functionalized position position 4, and the
functional hydroxyls of group 6 are used to functionalized position position 3,

After library screening, the beads are sequenced using mass spectrometry data, as
ittustrated in the mode!l spectrum above,

This hence represents an exiremely fast method for sequencing the compounds on the
selected beads. This strategy is also amenable to the design of high-throughput screening
methods, which are sought after in drug research,

When, finally, the selected compound is re-synthesized in bulk, in some instances the
use of ester bonds may not be desired. It is hence possible to replace ester with amide bonds
(as, for example in the compounds of Formula Ie above). The backbone (protecting groups)
being the same, the iterative deprotection-coupling procedure is the same, except that
compounds of Formula Iic are eraployed rather than compounds of Formula 1Ib.

The foregoing is illustrative of the present invention, and is not to be taken as limiting
thereof. The invention is defined by the following claims, with eguivalents of the claims to

be included therein.
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THAT WHICH IS CLAIMED IS:

I. A method of making a peptide of Formula I:

T2

n

wherein:
R i3 a solid support;
each R’ is an independently selected functional group;
R 15 g functional group,
X 15 a linking group;
gachnis 0, 1 or2;
cach n’ is 0 or an integer of from 1 {0 5; and
' is an integer of from 1 to 20;
said methed comprising the steps ofs

(a) removing at least one protecting group from a compound of Formula IL:

an

R

where R, R”, n, n” and n” are as given above and each Y is an independently selected

protecting group to prodoce a deprotected intermediate; then
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(b} reacting said deprotected intermediate with compound of Formula I
R*™Y? (13}

where R7 is a functional group as given above and Y is a reactive or functional group, to
replace said at least one protecting group Y removed in step {a) with said functional group
R’ and then

(¢) itevatively repeating steps (a) and (b) at least once until all of said protecting

groups Y are replaced with said functional groups R”.

2. The method of claim 1, wherein said compound of Fermaula I is a compound of

Formuls Ia:

HN
@ ( )n’ (fa)
i N BURY

where each m 1s independently 1, 2 or 3;

said compound of Fermula I is a compound of Fermula Ia:
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Q M (ita)

* il Rn

xIrz

]

and said compound of Formula I is a compound of Formula Hia:
O
R (iiia)

/m

wherem’” 50, 1 or 2.
¥

3. The method of claim 2, wherein said reacting step (b) comprises a reductive

amination reaction.

4. The method of claim 1, wherein said compound of Formula 1 is a compound of

Formaula Ih;

(

R

R
{<Iﬂ
0
O:‘::<
[
N n

where each m is independently 1, 2 or 3;

said compound of Formula I is a compound of Fermula {h:
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—~in'

and said compound of Formula 1Y is a compound of Formula 1ih:
HO\Q/ R' (1)
m
where m is as given above,

5. The method of claim 4, wherein said reacting step (b) comprises an esterification

reaction.

6. The method of claim I, wherein said compound of Formula I is a compound of

Formula {e:

where each m is independently 1, 2 or 3;

said compound of Formula If is a compound of Formula Hb:
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and said compound of Formula I is a compound of Formula Hic:

HaM R (Iie)
2\(% I

where m i as given above,

7. The method of claim 1, wherein said reacting step (b} comprises an amidation

reaction.

8. The method of claim 1 to 7, wherein:
at least three of said functional groups R” are different from one another; and

at least three of saild protecting groups Y are different from one another.

9. The method of claim 8, wherein like protecting groups Y removed in each step (b)

are replaced by like or different functional groups R in each immediate subsequent step (c).

10. The method of claims 1 to 9, wherein said ieratively repeating is carried out at

least twice.

11, The method of claims 1 to 10, wherein each of said protecting groups Y are

independently selected from the group consisting of alkaline-stable amino protecting groups,
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alkaline-labile amino protecting groups, alkaline-stable carboxylic acid protecting groups,

and alkaline-labile carboxvlc acid protectine groups.
v X ol

12, The method of claim 1 to 11, wherein each R’ is independently selected from the
group consisting of H, alkyl, alkenyl, alkynyl, eycloalkyl, cycloalkylalkyl, cycloalkyviatkenyl,

, heterocycloallovnyt,

cycloalkylaikynyl, heterocyclo, heterocycloalkyl, heterocycloalkenyl
aryl, arylalkyl, arylalkenyl, arylalkynyl, hetercaryl, hetercarylalkyl, heteroarylalkenyl,
heteroarylalkynyl, alkoxy, halo, mercapto, azide, eyano, formyl, carboxylic acid, hydroxyl,
nitro, acyl, aryloxy, alkylthio, amino, alkvlamino, arvialkylamino, disubstituted amino,
acylamine, scyloxy, ester, thicester, carboxylic thioester, ether, amide, amidine, sulfate,
sutfoxyl, sulfonyl, sulfonate, sulfonic acid, sulfonamide, urea, alkoxylacylamino,
aminoacyloxy, guamdino, aldehyde, keto, imine, nitrile, phosphate, thiol, epoxide, peroxide,

thiocyanate, amidine, oxime, nitrile, and diazo.

13, A compound of Formula H:

wherein:
R 15 a solid support;
cach R’ is an independently selected functional group;
R™is a functional group;
cachnis G, lor2;
cach 1’ is O or an integer of from 1 to 3; and
n” is an integer of from 1 to 20;
each X is a linking group; and

each Y is ant independently selected protecting group.
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14. The compound of claim 13, wherein said compound of Formula I¥ is a compound

of Formula Ha:

Tz

e - 1

15. The compound of claim 13, wherein said compound of Formals H is s compound
of Formula Hb:

e ~ 1

16. The compound of claim 13 to 13, wherein each X is an amine or ester linking

group.

17. The method of claim 13 to 16, wherein af least three of said protecting groups Y

ave different from one another,

18. The compound of claim 13 to 17, wherein n™ is af feast 3.
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{9, The compound of claim 18, wherein at least five of said protecting groups Y are

different from one another.

2¢. The compound method of claims 13 1o 18, wherein each of said protecting groups
Y are independently selected from the group consisting of alkaline-stable amino protecting
groups, alkaline-labile amino protecting groups, alkaline-stable carboxylic acid protecting

groups, and alkaline-labile carboxylic scid protecting groups.

21. The compound of claims 13 to 20, wherein each R is independently selected from
the group consisting of H, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl,
cycloalkylalkenyl, cycloalkylalkynyl, heterocyclo, heterocycloalkyl, heterocycloalkenyl,
heterocycloalkynyl, aryl, arylalkyl, arylalkenyl, arylalkynyl, heteroaryl, heteroarylalicyl,
heteroarylalkenyl, hetercarylalkynyl, alkoxy, halo, mercapto, azido, cyano, formvl,
carboxylic acid, hydroxyl, nitro, acyl, aryloxy, alkylthio, amino, alkylamino, arvlalkyiamino,
disubstituted amino, acylamino, acyloxy, ester, thicester, carboxvlic thioester, ether, amide,
amidine, sulfate, sulfoxyl, sulfonyl, sulfonate, sulfonic acid, sulfonamide, urea,
alkoxylacylamino, aminoacyloxy, guanidino, aldehyde, keto, imine, nitrile, phosphate, thiol,

epoxide, peroxide, thiocyanate, amidine, oxime, nitrile, and diazo.

22. A method of sequencing a peptide of Formula Ib:

R R R!

wherein:

R is a solid support;
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each R is an independently selected functional group,

R” 15 a functional group;

eachnis 0, { or 2:

gach n” 15 { or an integer of from 1 to 5;

0™ 18 an integer of from 1 to 20;

each R’ is selected from g set of known functional groups of different molecular

weights” and;

said peptide of Formula 1b is synthesized as a member of a library with known subsets
of functional groups within a known molecular weight interval at known positions in said
peptide
said method compnising the steps ofs

(a) simultaneously hydrolyzing ail of said ester linkages to produce a composition

comprising n” +2 compounds of Formula IHb:

HO\H/ R (i)
n

where m and R’ is as given above;

(b} determining the molecular weight of each of said n™+2 compounds of Fermula
H1Ib in said composition;

(c) determining the identity of each functional group R® from (i) the molecular weight
of each of said compounds of Formula Illa in said composition determined in step (b) and (i)
the set of known functional groups of different molecular weights; and then

(d} determining the position of cach of said functional groups R’ on said composition
from (i) cither the identity or the molecular weight of said functional group R, and (i) the
known position in said peptide for the known subset of functional groups of known molecular

weights to which said functional group belongs.

23. The method of claim 22, wherein said determining step (b) is carvied out by mass

spectrometry.

24. The method of claim 22 to 23, wherein:

at least three of satd functional groups R™ are different from one another; and
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al least three of said protecting groups Y are different from one another.

25. The method of claim 22 to 24, wherein each R’ is independently selected from the
group consisting of H, alkyl, alkenyl, alkynyl, cycloaltkyl, cycloalkylalkyl, cycloatkylatkenyl,
cycloatkylaikynyl, heterocyclo, heterocycloalkyl, heterocycloalkenyl, heterocycloalkynyl,
aryl, arvlalkyl, arylalkenyl, arylalkynyl, hetercaryl, heteroarylalkyl, heteroarylalkenyl,
heteroarylalkynyl, alkoxy, halo, mercapto, azido, cyano, formyl, carboxylic acid, hydroxyl,
nitro, acyl, aryloxy, alkylthio, amino, alkylamino, aryialkylamino, disubstituted amino,
acylamino, acyloxy, ester, thicester, carboxylic thivester, ether, amide, amidine, sulfate,
sulfoxyl, sulfonyl, sulfonate, sulfonic acid, sulfonamide, wrea, alkoxylacylamino,
aminoacyloxy, guanidino, aldehyde, keto, imine, nitrile, phosphate, thiol, epoxide, peroxide,

thiocyanate, amidine, oxime, nitrile, and diazo.
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